Neuropharmacological properties of neurons derived from human stem cells.
Human pluripotent stem cells have enormous potential value in neuropharmacology and drug discovery yet there is little data on the major classes and properties of receptors and ion channels expressed by neurons derived from these stem cells. Recent studies in this lab have therefore used conventional patch-clamp electrophysiology to investigate the pharmacological properties of the ligand and voltage-gated ion channels in neurons derived and maintained in vitro from the human stem cell (hSC) line, TERA2.cl.SP12. TERA2.cl.SP12 stem cells were differentiated with retinoic acid and used in electrophysiological experiments 28-50 days after beginning differentiation. HSC-derived neurons generated large whole cell currents with depolarizing voltage steps (-80 to 30 mV) comprised of an inward, rapidly inactivating component and a delayed, slowly deactivating outward component. The fast inward current was blocked by the sodium channel blocker tetrodotoxin (0.1 μM) and the outward currents were significantly reduced by tetraethylammonium ions (TEA, 5 mM) consistent with the presence of functional Na and K ion channels. Application of the inhibitory neurotransmitters, GABA (0.1-1000 μM) or glycine (0.1-1000 μM) evoked concentration dependent currents. The GABA currents were inhibited by the convulsants, picrotoxin (10 μM) and bicuculline (3 μM), potentiated by the NSAID mefenamic acid (10-100 μM), the general anaesthetic pentobarbital (100 μM), the neurosteroid allopregnanolone and the anxiolytics chlordiazepoxide (10 μM) and diazepam (10 μM) all consistent with the expression of GABA(A) receptors. Responses to glycine were reversibly blocked by strychnine (10 μM) consistent with glycine-gated chloride channels. The excitatory agonists, glutamate (1-1000 μM) and NMDA (1-1000 μM) activated concentration-dependent responses from hSC-derived neurons. Glutamate currents were inhibited by kynurenic acid (1 mM) and NMDA responses were blocked by MgCl(2) (2 mM) in a highly voltage-dependent manner. Together, these findings show that neurons derived from human stem cells develop an array of functional receptors and ion channels with a pharmacological profile in keeping with that described for native neurons. This study therefore provides support for the hypothesis that stem cells may provide a powerful source of human neurons for future neuropharmacological studies.